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Abstract

Background: Stored blood samples from longitudinal cohort studies may be useful for studying
biomarkers of preclinical Alzheimer’s disease. This study aimed to determine the reliability

of amyloid-B4g and amyloid-B4o (APag, AP42) total tau (TTau) and neurofilament light (NfL)
concentrations measured in blood samples stored long-term at —80° C.

Methods: AP4g, AB42, TTau and NfL were measured in serum and plasma samples from 2
longitudinal cohort studies. Serum samples had been stored at —80° C for 5 (n=24), 14 (n=24)

and 20 years (N=78) and plasma samples had been stored for 16 years (N=78). Biomarker
concentrations were measured in duplicate using a single molecule array assay (Simoa; Quanterix,
Billerica, MA). Replicate samples for each sample type and storage length were included.

Results: The concentrations of APag, APa2, TTau and NfL were within expected ranges. Some
serum TTau concentrations were below the limit of detection. The average intra-assay coefficients
of variation (CV) for duplicate measures were 2-7% for all assays except for serum TTau, which
were higher (CVs 13% and 17%). Mean differences in original replicate pair ABg, AB42 and NfL
concentrations were slightly greater in samples stored for longer versus shorter time periods.

Conclusions: AByo, AB42, TTau and NfL can be measured in serum and plasma samples that
have been stored up to 20 years at —80° C. Long-term storage may be associated with small
increases in the variability of concentrations in samples stored 14 or more years.
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INTRODUCTION

Longitudinal studies have shown that brain changes associated with neurodegeneration

and the development of Alzheimer’s disease (AD) occur years prior to the onset of

clinical symptoms [1-3]. Identifying people at high risk for neurodegeneration or AD

in the early pre-clinical phase, prior to the onset of declines in cognitive function and

before progression of pathophysiologic changes, may provide opportunities for behavioral
and lifestyle changes, or early treatment when available, to slow the onset of clinical
disease. Typically, AD type pathologic changes have been identified by neuroimaging or by
measuring biomarkers such as Amyloid beta and phosphorylated tau in cerebral spinal fluid.
However, these methods are not practical in the general population or large cohort studies.

More recently methods for measuring the concentrations of amyloid-B49 and amyloid-B4
(ABa4o, AP4p) total tau (TTau) and neurofilament light (NfL) in blood have been developed
and validated using single molecule array (Simoa) immunoassay technology [4]. These
ultrasensitive assays provide potential opportunities for researchers to leverage stored

blood samples from existing longitudinal cohort studies to study preclinical AD and
neurodegeneration. Although previous studies have investigated the effects of pre-analytical
conditions on concentrations of AB4o, AB42, TTau, and NfL in blood, most of these studies
have been focused on the effects of freeze-thaw cycles or storage at —80°C for 5 years or less
[5-10]. Studies of the reliability of measuring these biomarker assays in samples that have
been stored long-term (i.e., more than 5 years) at —80° Celsius(C) are lacking. Additionally,
the type of stored blood samples that are available in longitudinal cohort studies may vary or
be limited to one type (serum or plasma only). Levels of AB4g, APs2, and TT are reported to
be lower in serum than plasma and potentially not as reliably measured in serum [5,11,12].
The objective of this study was to determine the distribution and reliability of Apsg, AP42,
TTau and NfL concentrations measured in blood samples stored long-term at —80°C and the
reliability of measuring APag, APs2 and TT in serum.

METHODS

Participants

Data used in this study are from pilot studies conducted in two longitudinal cohort studies of
sensory and cognitive aging: The Epidemiology of Hearing Loss Study (EHLS; 1993-2020),
a population-based study in Beaver Dam, W1 and, the Beaver Dam Offspring Study (BOSS;
2005-2021), a study in the adult children of EHLS participants [13-16]. EHLS data were
from 78 participants with serum samples available from the 5-year examination (1998-2000)
and plasma samples available from the 10-(2003-2005) year examination [13,14]. The BOSS
data were from 24 participants with serum samples available from the baseline (2005-2008)
and 10-year (2015-2017) examinations [15,16]. Written informed consent was obtained
from all participants at each phase prior to examination and approval for this research was
obtained from the University of Wisconsin Health Sciences Institutional Review Board.
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Blood collection, processing, and storage

Blood collection and processing protocols were similar across the studies and phases.
Participants were not required to fast prior to the blood draw at any phase. Phlebotomy
was performed following standard clinical procedures. For all studies and phases, blood
collection tubes were filled in a uniform order, with no additive blood collection tubes
obtained prior to those containing additives. Blood obtained for serum was collected in
serum separator tubes containing gel at the EHLS 5-year and BOSS 10-year examinations
and, in serum tubes with no additive at the BOSS baseline examination. Samples were
prepared for storage following standardized protocols. Serum tubes were held at room
temperature for 30-45 minutes until the blood clotted and then were centrifuged. Blood
obtained for plasma was collected in tubes containing ethylenediaminetetraacetic acid
(EDTA) and tubes were centrifuged within one hour of collection.

After centrifugation, serum and plasma were immediately aliquoted into screw top
polypropylene cryogenic tubes with O-rings and frozen. Cryotubes were temporarily frozen
at —20° C and then moved to —80° C freezers for long-term storage. All —80° C freezers
were electronically alarmed for temperature deviation. There were no instances of samples
thawing due to freezer malfunction.

EHLS serum samples were assayed for NfL and plasma samples were assayed for A4,
AB42 and TTau. Seven serum and plasma replicate samples from each phase were included
and assayed for the corresponding biomarkers. BOSS serum samples from both phases were
assayed for NfL, AB4o, AB42 and TTau and ten replicate serum samples from each phase
were assayed. EHLS serum samples assayed for NfL had been through one freeze-thaw
cycle prior to the current study whereas all other samples included in the current study,
BOSS serum and EHLS plasma, had never been previously thawed.

All assays were conducted at the CLIA-licensed Quanterix Simoa Accelerator Laboratory
(Billerica, MA, USA) in 2019 (EHLS) and 2020 (BOSS). Samples were shipped to the
laboratory on dry ice. Laboratory personnel were blinded to the inclusion of replicate
samples. The Simoa® Neurology 3-PlexA Kit was used to assay serum and plasma samples
for APao, AP42 and TTau [12]. The Simoa® NF-Light™ Advantage kit was used to assay
serum samples for NfL [17]. Within a cohort, assays were completed using Kits from the
same lot. All samples were run in duplicate. Eight calibrators (x3) and 2 controls (x2)
specific to each kit lot, were assayed on each plate. Intra-assay coefficients of variation (CV)
for controls ranged from 0-10% for AB4g, 2-16% for AB4p, 1-12% for total tau, and 0-16%
for NfL.

Additional data

The AB42 to AP ratio (AB4o/ AP4g) Was calculated by dividing the AB4, concentration

by the AB4g concentration for each sample. The AB4y/ AP ratio was multiplied by 1,000.
Storage time at —80°C was determined by calculating the years between the date the blood
sample was obtained and the date the sample was assayed. Participant demographic (age,
sex, education) and behavioral health data (smoking history, weekly exercise) were obtained
by interview at all study phases.
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Statistical Analyses

RESULTS

Median and interquartile (IQR) range were used to describe the distribution of the data

for each study and phase. Samples were assayed in duplicate and the average of the two
duplicates was used as the biomarker concentration for each sample. There were five EHLS
plasma samples and one EHLS serum sample that were missing one duplicate measure due
to technical issues and for these samples the one available concentration was used in place
of the average. Serum TTau concentrations that were below the Limit of Detection (LOD;
0.14 pg/ml) were set to a concentration of 0.07 pg/ml (LOD/2) for calculating the median
and IQR but were not included in analyses evaluating the variability and repeatability of
duplicate and replicate measures. Samples with values outside the upper or lower limit of
quantification (ULOQ, LLOQ) were included in all analyses.

The reliability of AB4g, AB42, TTau and NfL concentrations measured in blood samples
stored long term was assessed by evaluating the within sample variability in the duplicates
and the repeatability of measurements across the original-replicate sample pairs. The
variability and repeatability of the AB4o/ AB4g ratio was similarly evaluated. The intra-
assay coefficients of variation (CV) were provided by the laboratory for each (duplicate)
sample assay and the average CV was calculated for each biomarker by storage time. The
non-parametric Wilcoxon Sign test was used to compare mean concentrations between the
duplicate measures and between the original and replicate sample pairs by storage time.

Study participants

Participant characteristics are shown in Table 1 by study and phase. EHLS participants
(N=78) were 52-84 years (mean 65.7 years, standard deviation (SD)=8.7) of age in
1998-2000 and 38 (48.7%) were women. BOSS participants (N=24) were 46-70 years (mean
53.3 years, SD= 6.4) in 2005-2008 and 12 (50%) were women.

Storage Time at -80°C

Biomarkers

BOSS serum samples were stored at —80° C for a mean of 4.7 (standard deviation (SD)=0.5,
range 3.8-5.3) and 14.3 (SD=0.8, range 12.4-15.3) years. EHLS plasma samples assayed

for APao, AP42, and TTau were stored at —80° C for a mean of 15.6 years (SD=0.6, range
14.5-16.5) and serum samples assayed for NfL were stored at —80° C for a mean of 20.4
years (SD=0.6, range 19.4-21.5).

Median biomarker concentrations by study cohort and phase are shown in Table 1. ARy,
AB4o and TTau concentrations in EHLS plasma samples were higher than the concentrations
in the BOSS serum samples. Serum NfL concentrations were similar in range across the
studies. There were three EHLS plasma samples with an Ap4o concentration higher than the
ULOQ (476 pg/ml). There were no other EHLS serum or plasma samples with biomarker
concentrations above the ULOQ or below the LLOQ or LOD. Serum samples from the
younger BOSS participants had lower TTau concentrations and, 8 of the 24 samples from
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the 2005-2008 phase and 9 of the 24 from the 2015-2017 phase, were below the LOD. Nine
serum samples from each phase had a TTau concentration below the LLOQ.

Variability in Duplicate Concentrations by Storage Time

Individual samples were all measured in duplicate. Within sample variability, as assessed
by the average CV of duplicate measures and the difference in mean concentrations of

the duplicate measures, is shown by storage time in Table 2. Overall, mean differences

in duplicate concentrations for serum AB4g, AB42 and ABaa/ AB4g ratios were small, but
differences were slightly greater for samples stored for 14 years versus 5 years (mean
differences AB4o: 4.24 pg/ml and 1.31 pg/ml, respectively; mean differences Apg4o: 0.23
pg/ml and 0.14 pg/ml, respectively; mean differences AP/ AB4g ratio- —1.9 and 0.33,
respectively) and, the difference was statistically significant for Ap4o samples stored for

14 years. However, the average intra-assay CVs for serum AB4g and ARy, were very

good (2-4%) for all storage times. The mean differences in AB4o and AP4» duplicate
concentrations in plasma samples stored 16 years were statistically significant but, the
intra-assay CVs were very good (3-4%), the mean differences (Ap40:7.64 pg/ml, SD 15.4;
AB42: 0.20 pg/ml, SD 0.9) were relatively small in comparison to the higher Ap4o and Ap4:
concentrations in the plasma samples (Ap40:median: 307.9 pg/ml, IQR: 266.7-338.4; Ap42
median: 14.3, IQR: 11.7-15.8), and the mean difference in the plasma AB4»/ AP4g ratios was
small and not statistically significant (mean difference in plasma AB42/ AByg ratio: —0.57)

The mean differences between duplicate TTau concentrations were also small, and similar
for all storage periods, but the intra-assay CVs were higher for the BOSS serum samples
(13% and 17%) versus the EHLS plasma samples (7%). The low concentrations of TTau in
the BOSS serum samples, including 9 at each phase with 1 or both duplicate concentrations
below the LOQ, may have increased the variability. The serum TTau concentrations below
the LOD were not included in the analyses however, for all these samples (n=17), there was
complete agreement as both duplicates were reported to be below the LOD.

The mean difference in duplicate NfL concentrations was the same for samples stored 5
years and 20 years (mean difference: —0.08 pg/ml) but greater for samples stored 14 years
(mean difference: —0.52 pg/ml). The average intra-assay CVs for NfL were 4-6%.

Repeatability by Storage Time

Repeatability, as determined by comparing concentrations of the biomarkers in the original
sample to a second blinded, replicate sample, are shown in Table 3 by storage time. For
serum ABgo and A4y, the mean differences between the original and replicate samples
were greater in samples stored 14 years versus those stored for 5 years at —80° C (mean
differences AB4o: 14.1 pg/ml and -2.2 pg/ml, respectively, mean differences ABgp: 1.2
pg/ml and —0.02 pg/ml, respectively). The mean differences between the original and
replicate plasma AB40 and AB4o concentrations in samples stored for 16 years were similar
in magnitude to those seen in serum stored for 14 years. The 21.9 pg/ml, or 7%, mean
difference between the plasma AB4q original and replicate pairs is comparable to the 14.1
pg/ml, or 9%, mean difference between the serum AB4q original-replicate pairs stored for 14
years.
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Similar to the results for the individual Ap4g and ARy, original-replicate pairs, there was a
slightly greater difference between the mean original and replicate serum AR4o/ AB4g ratios
for samples stored 14 versus 5 years (mean differences Ap4o/ AP ratios: —7.2 vs 0.4,
respectively). The mean difference between the original and replicate pair AB4o/ APy ratios
in plasma samples stored for 16 years was very small (AB42/ APa4g ratio mean difference:
-0.6).

The mean differences in serum TTau concentrations between the original and replicate
samples were similar across storage lengths (mean differences —0.11 pg/ml and —0.09 pg/ml
for 5 and 14 years storage, respectively). Three serum original-replicate pairs at both 5 and
14 years of storage time, were not included in the TTau analyses because one or both of the
sample pairs had concentrations below the LOD. The mean differences in original-replicate
concentrations in plasma TTau in samples stored for 16 years was also similar to that seen in
serum stored for 14 years.

The NfL concentration for one serum replicate sample stored for 5 years was not available
due to technical issues leaving 9 original-replicate pairs. There were small differences in
serum NfL concentrations between the original and replicate samples stored 5 and 14
years at —80° C with a greater mean difference present in samples stored for 20 years
(mean differences 0.9 pg/ml, 0.1 pg/ml, and 2.3 pg/ml, for 5, 14, and 20 years of storage,
respectively).

DISCUSSION

The results of the current study demonstrate that AB4g, AB42, TTau and NfL can be
measured in plasma and serum samples stored up to 20 years at —80° C and, in general,
long-term storage appears to have only small effects on the reliability of the measured
concentrations. Whereas previous studies have shown that these biomarkers can be measured
in blood samples after short term storage at —80° C [5-10], the current results add to the
evidence that these biomarkers can also be reliably measured in samples stored for longer
periods of time. These findings add support for the use of stored blood samples from
longitudinal cohort studies for research on AB4g, AB42, TTau and NfL as potential predictors
of neurodegeneration and AD.

The concentrations and IQR of AP4g, AB42, TTau and NfL obtained in this study were
within expected ranges for the respective sample types. Because the concentrations of these
biomarkers within a cohort will vary based on the attributes of the specific participants in
that cohort [6, 18-20] and reference ranges have not yet been established for the general
population, direct comparison to values reported in other studies is not possible. Except
for 3 plasma samples with AB4q concentrations above the upper LOQ), all the AB4g, AB42,
and TTau concentrations in plasma samples and AP4g, AB42, and NfL concentrations in
serum samples were within the ranges of quantification. Several serum samples from the
BOSS cohort had TTau concentrations below the LOQ or the LOD. This was likely the
combined effect of lower TTau concentrations in serum (versus plasma) and lower levels
of TTau in the younger BOSS participants. Although we cannot rule out storage effects as
a cause of the serum TTau concentrations below the LOD, there were no plasma samples
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with TTau concentrations below the LOD in the older EHLS cohort in samples stored for 16
years at —80° C. Therefore, particularly for studies in middle-aged and younger populations
where TTau concentrations would be expected to be lower, plasma samples may be the
preferred option for measuring TTau. However, if only serum samples are available, results
below the LOD are still informative and provide value for classifying participants, because
it is relatively higher levels of TTau that have been associated with increased risk for
neurodegeneration [21].

In the current study, we were able to evaluate differences in variability and repeatability of
ABao, AP42, and TTau concentrations in serum samples stored for 14 years compared to

5 years. The average intra-assay CVs were very good and comparable for Ao and AP
for all storage lengths but higher for serum TTau. The slightly greater mean differences
between duplicate concentrations and the original versus replicate concentrations of AP,
AB42 and the AB4o/AB4g ratio in serum samples stored longer (14 years vs 5 years), suggests
there may be marginally more variability in AB4g and Ap4» concentrations in samples
stored for longer periods. Although there was greater variability overall in serum TTau
measurements, as indicated by the higher average CVs for duplicate measurements, the
mean difference in duplicate concentrations was only slightly greater for samples stored
for 14 years as compared to those stored 5 years and, the mean difference in original-
replicate concentrations were similar across storage lengths, suggesting long-term storage
had minimal effects on TTau concentrations.

The variability and repeatability of Ap4g, AP42 and TTau in EHLS plasma samples

stored for 16 years appear similar to those seen in the BOSS serum samples stored for

14 years, especially for Ap4» and TTau but, because of the different sample types and
higher concentrations measured in plasma versus serum, these comparisons should be
made cautiously. Although there were statistically significant mean differences in duplicate
AB4o and AB4o concentrations in samples stored for 16 years, the differences were small

in comparison to the higher concentrations of AB4q and AB4 measured in the plasma
samples. Additionally, while in general the variability of the AB4/AB4g ratios by storage
time reflected the variability seen in the individual AB4 and Ap42 comparisons, the mean
difference between the duplicate AP4o/AB4g ratios in plasma stored for 16 years was quite
small and not statistically significant. It is possible that in some situations using the ratio
may moderate some of the variability from pre-analytical conditions as has been reported in
previous studies in cerebrospinal fluid [22,23], This issue warrants further investigation in
future studies of Ap4g and Ap4, concentrations in blood.

All NfL assays were done in serum, and variability and repeatability in concentrations could
be compared across samples stored for 5, 14 and 20 years. Although there was a greater
mean difference in the duplicate NFL concentrations stored for 14 years versus 5 years,

the mean differences in duplicate concentrations were the same for samples stored 5 years
and 20 years which implies the slightly greater variability at 14 years may not be related

to storage time. Conversely, there was a greater mean difference in original versus replicate
NfL concentrations in samples stored for 20 years as compared to those stored 5 or 14

years which does suggest long-term storage may slightly increase the variability of NfL
concentrations. It should be noted that the EHLS serum samples stored for 20 years had
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also been through one freeze-thaw cycle prior to the current study whereas the BOSS serum
samples stored for 5 and 14 years had never been previously thawed. Studies of the effects of
freeze-thaw cycles on NfL concentrations report that 1 freeze-thaw cycle should have no or
minimal effects on the variability of NfL concentrations [5,6,8].

Strengths of this study include the long storage time, up to 20 years for NfL, the relatively
large number of samples available to evaluate the effects of pre-analytical conditions on
concentrations of AB4o, AB42, TTau and NfL and inclusion of both serum and plasma. A
limitation of the study is the lack of pre-storage AB4g, AP42, TTau and NfL concentrations
in the samples for comparison or the availability of the same sample stored at —80° C

for different lengths of time which would have allowed for more precise determination

of storage effects. However, these studies are not possible as the ultrasensitive Simoa
technology was not available 15-20 years ago.

Conclusion

FUNDING:

Results from the current study demonstrate that AB4g, APa2, TTau and NfL can be reliably
measured in serum and plasma samples that have been stored up to 20 years at -80° C.
Plasma may be the preferred sample type for TTau when available due to the low levels in
serum. Researchers may want to consider adjusting for storage time in longitudinal studies
using banked historical samples as there was slightly greater variability in ABsg, AP42, TTau
and NfL concentrations in serum and plasma samples stored 14 or more years.

The project described was supported by R37AG011099, R01AG021917 and RF1AG066837 from the National
Institute on Aging; by the University of Wisconsin - Madison Office of the Vice Chancellor for Research and
Graduate Education with funding from the Wisconsin Alumni Research Foundation; and by an unrestricted grant
from Research to Prevent Blindness, Inc., to the Department of Ophthalmology and Visual Sciences. The content is
solely the responsibility of the authors and does not necessarily reflect the official views of the National Institute on
Aging or the National Institutes of Health.

REFERENCES

[1]. Albers MW, Gilmore GC, Kaye, Murphy C, Wingfield A, Bennett DA, Boxer AL, Buchman
AS, Cruickshanks KJ, Devanand DP, Duffy CJ, Gall CM, Gates GA, Granholm AC, Hensch T,
Holtzer R, Hyman BT, Lin FR, McKee AC, Morris JC, Petersen RC, Silbert LC, Struble RG,
Trojanowski JQ, Verghese J, Wilson DA, Xu S, Zhang LI. (2015) At the interface of sensory and
motor dysfunctions and Alzheimer’s disease. Alzheimer’s & Dementia 2015 11(1),70-98.

[2]. Bateman RJ, Xiong C, Benzinger TL, Fagan AM, Goate A, Fox NC, Marcus DS, Cairns NJ,
Xianyun X, Blazey TM, Holtzman DM, Santacruz A, Buckles V, Oliver A, Moulder K, Aisen
PS, Ghetti B, Klunk WE, McDade E, Martins RN, Masters CL, Mayeux R, Ringman JM, Rossor
MN, Schofield PR, Sperling RA, Salloway S, Morris JC, for the Dominantly Inherited Alzheimer
Network (2012) Clinical and biomarker changes in dominantly inherited Alzheimer’s disease.
New Engl J Med 367(9),795-804. [PubMed: 22784036]

[3]. Beason-Held LL, Goh JO, An Y, Kraut MA, O’Brien RJ, Ferrucci L, Resnick SM (2013) Changes
in brain function occur years before the onset of cognitive impairment. J Neurosci 33(46),18008—
14. [PubMed: 24227712]

[4]. Andreasson U, Blennow K, Zetterberg H (2016) Update on ultrasensitive technologies to facilitate
research on blood biomarkers for central nervous system disorders. Alzheimers Dement (Amst)
3,98-102. [PubMed: 27453931]

J Alzheimers Dis. Author manuscript; available in PMC 2022 February 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schubert et al.

Page 9

[5]. Keshavan A, Heslegrave A, Zetterberg H, Schott JM (2018) Stability of blood-based biomarkers of
Alzheimer’s disease over multiple freeze-thaw cycles. Alzheimers Dement 10, 448-51.

[6]. Lewczuk P, Ermann N, Andreasson U, Schultheis C, Podhorna J, Spitzer P, Maler JM, Komhuber
J, Blennow K, Zetterberg H (2018) Plasma neurofilament light as a potential biomarker
of neurodegeneration in Alzheimer’s disease. Alzheimers Res Ther 10(71),1-10. [PubMed:
29370870]

[7]. Kuhle J, Barro C, Andreasson U, Derfuss T, Lindberg R, Sandelius A, Liman V, Norgren N,
Blennow K, Zetterberg H (2016) Comparison of three analytical platforms for quantification of
the neurofilament light chain in blood samples: ELISA, electrochemiluminescence immunoassay
and Simoa. Clin Chem Lab Med 24(10),1655-61.

[8]. Altmann P, Leutmezer F, Zach H, Wurm R, Stattmann M, Ponleitner M, Petzold A, Zetterberg
H, Berger T, Rommer P, Bsteh G (2020). Serum neurofilament light chain withstands delayed
freezing and repeated thawing. Sci Rep 10, 19982. 10.1038/s41598-020-77098-8. [PubMed:
33203974]

[9]. Liu H-C, Chiu M-J, Lin C-H, Yang S-Y (2020) Stability of plasma amyloid-p 1-40, amyloid-p
1-42, and total tau protein over repeated freeze/thaw cycles. Dement Geriatr Cogn Disord Extra
10,46-55.

[10]. Chiu M-J, Lue L-f, Sabbagh MN, Chen T-F, Chen HH, Yang S-Y (2019) Long-term storage
effects on stability of amyloid-B 1-40, amyloid-p 1-42, and total tau proteins in human plasma
samples measured with immunomagnetic reduction assays. Dement Geriatr Cogn Disord Extra
9,77-86.

[11]. O’Connell GC, Alder ML, Webel AR, Moore SM (2019) Neuro biomarker levels measured with
high-sensitivity digital ELISA differ between serum and plasma. Bioanalysis 11(22), 2087-94.
[PubMed: 31829739]

[12]. Quanterix Simoa Science. https://www.quanterix.com/products-technology/assays/neurology-3-
plex-tau-ab42-ab40. Accessed May 29, 2019.

[13]. Cruickshanks KJ, Tweed TS, Wiley TL, Klein BEK, Klein R, Chappell R, Nondahl DM, Dalton
DS (2003) The 5-year incidence and progression of hearing loss. The Epidemiology of Hearing
Loss Study. Arch Otolaryngol Head Neck Surg 129,1041-46. [PubMed: 14568784]

[14]. Cruickshanks KJ, Nondahl DM, Tweed TS, Wiley TL, Klein BEK, Klein R, Chappell R, Dalton
DS, Nash SD (2010) Education, occupation, noise exposure history and the 10-yr cumulative
incidence of hearing impairment in older adults. Hear Res 264(1-2), 3-9. [PubMed: 19853647]

[15]. Nash SD, Cruickshanks KJ, Klein R, Klein BEK, Nieto JF, Huang GH, Pankow JS, Tweed
TS (2011) The prevalence of hearing impairment and associated risk factors: The Beaver Dam
Offspring Study. Arch Otolaryngol Head Neck Surg 137(5),432-39. [PubMed: 21339392]

[16]. Schubert CR, Cruickshanks KJ, Fischer ME, Pinto AA, Chen Y, Huang G-H, Klein BEK,

Klein R, Pankow JS, Paulsen AJ, Dalton DS, Tweed TS (2019) Sensorineural impairments,
cardiovascular risk factors, and 10-year incidence of cognitive impairment and decline in midlife:
The Beaver Dam Offspring Study. J Gerontol A Biol Sci Med Sci 74(11),1786-92. [PubMed:
30629132]

[17]. Quanterix. Simoa Science https://www.quanterix.com/simoa-assay-kits/nf-light/ Accessed April
29, 2021.

[18]. Janelidze S, Stomrud E, Palmquvist S, Zetterberg H, van Westen D, Jeromin A, Song L, Hanlon
D, Tan Hehir CA, Baker D, Blennow K, Hansson O (2016) Plasma B-amyloid in Alzheimer’s
disease and vascular disease. Sci Rep 6,2680. doi:10.1038/srep26801.

[19]. Dage JL, Wennberg AMYV, Airey DC, Hagen CF, Knopman DS, Machulda MM, Roberts RO,
Jack CR, Petersen RC, Mielke MM (2016) Levels of tau protein in plasma are associated
with neurodegeneration and cognitive function in a population-based study. Alzheimers Dement
12,1226-34. [PubMed: 27436677]

[20]. Ashton NH, Leuzy A, Lim YM, Troakes C, Hortobagyi T, Hoglund K, Aarsland D, Lovestone
S, Scholl M, Blennow K, Zetterberg H, Hye A (2019) Increased plasma neurofilament light
chain concentration correlates with severity of post-mortem neurofibrillary tangle pathology and
neurodegeneration. Acta Neuropathol Commun 7,5. doi:10.1186/s40478-018-0649-3. [PubMed:
30626432]

J Alzheimers Dis. Author manuscript; available in PMC 2022 February 08.


https://www.quanterix.com/products-technology/assays/neurology-3-plex-tau-ab42-ab40
https://www.quanterix.com/products-technology/assays/neurology-3-plex-tau-ab42-ab40
https://www.quanterix.com/simoa-assay-kits/nf-light/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Schubert et al.

Page 10

[21]. Pase MP, Beiser AS, Himali JJ, Satizabal CL, Aparicio HJ, DeCarli C,Chene G, Dufouil C,
Seshadri S (2019) Assessment of plasma total tau level as a predictive biomarker for dementia
and related endophenotypes. JAMA Neurol 76(5),598-606. [PubMed: 30830207]

[22]. Willemse E, van Uffelen K, Brix B, Engelborghs S, Vanderstichele H, Teunissen C. (2017) How
to handle adsorption of cerebrospinal fluid amyloid B (1-42) in laboratory practice? Identifying
problematic handlings and resolving the issue by use of the AB42/ AB40 ratio. Alzheimers
Dement 13, 885-892. [PubMed: 28222302]

[23]. Toombs J, Foiani MS, Wellington H, Paterson RW, Arber C, Heslegrave A, Lunn MP, Schott JM,
Wray S, Zetterberg H (2018) Amyloid B peptides are differentially vulnerable to preanalytical
surface exposure, an effect incompletely mitigated by the use of ratios. Alzheimers Dement
(Amst) 10, 311-321. [PubMed: 29780875]

J Alzheimers Dis. Author manuscript; available in PMC 2022 February 08.



Page 11

Schubert et al.

Author Manuscript

"LT02Z-GT0Z 40} 6=N :8002-5002 10} 8=N) 20°0 40 anjeA paubisse (@O™T) UoNIBIAP JO NWIT aY) MOJaq NeL [eloL Yaim sjuedioned mmOmm

‘sIeah=A

‘neJ [e10] :nej | ‘UOMHBIASP pJepuelsS :ds ‘1ybiT usweyiyoinaN YN ‘ebues ajrenbisiul ;401 ‘Apnis sso ButieaH jo ABojoiwapid3 :STHT Apms Buudsyo weq Janesg :SSOF ‘819q pIojAwyY gy

p[87°0-L0°0] €0
[ret-vilge
[9961-2'26] 6°8TT
[99z-€2Tl 6°ST
[401] verpaiy
(e58¢€) LY
wnJas

ve

(zve) et
ev)t
(zve) et
(8sv) 1T

(0g) et
(09) 2T
(9'9) (08-55) 629
1A
/T02-GT0Z SSO9

pl€9°0-20°0] 5€°0

lovt-zeTt
[T9/1-v€6] 09¥T
[Tv1-92¥11
[401] verpaiy
(esT-v2T) €T
wniss

ve

('89) ¥T
(sen e
(zve) et
(8'sv) 1T

(0g) et
(09) 2T
(0-9v) (v°9) €'€5
1A
8002-G002 SSO4

[eez-veTloLT
[ggT-2TT]€9T
[r'see-2-992] 6°20€
VN
[4O1] uverpain
(5°9T-6'¥T) 9°ST
euuse|d

8.

(6€9) ¢
(z9) v
(r9¢) 82
(9€9) 67

(e19) OF
(2'8v) 8¢
(88-29) (2'8) v'0L
8.
G002-€00Z SH3

VN
VN
VN
[vz1-r8l 11T
[401] uetpain
(§T2-v'6T) ¥'0C
wniss

8.

(2'09) 6€
(59) s
(r9¢) 82
(9€9) 6

(e19) OF
(2'8v) 8¢
(¥8-26) (2'8) L'S9
8.
0002-866T STH3

(1wy6d) e 1

(lwyBd)erdy

(1w/Bd) Orgyy

(jw/6d) YN

siayJewolg

(abury) ues|y ‘A ‘awi) abeiols
adA1 ajdwes

sajdwies 4o JaquinN

SINIE R EVOENES
(%) N "9amyT= 8s1240x3
(%) N “4oxjows Wauny
[ARS
453
(%) N ‘A ‘uoneanp3
(%) N ‘uaN
(%) N ‘uswopn
(abuey) (as) ‘A ‘abe ues |y
N

sonsiisloeIey) wedionied

aseyd pue Apms Ag suoneusouod Jaysewolg pue sonsiigioerey) uedionied

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2022 February 08.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Schubert et al.

Variability in Duplicate Measurements by Years Stored at -80° C

Table 2.

Storage time (years)

Dates Collected

AByo, pa/ml (N samples)
Difference in duplicates, Mean (SD)
p difference

Average CV

ABa2, pa/ml (N samples)
Difference in duplicates, Mean (SD)
p difference

Average CV

AB4o/AByg ratio (N sample pairs)

Difference in duplicates, Mean (SD)a

p difference

T-Tau, pg/ml (N samples)
Difference in duplicates, Mean (SD)
p difference

Average CV

Storage time (years)

Dates Collected

NfL, pg/ml (N samples)

Difference in duplicates, Mean (SD)
p difference

Average CV

Serum
5
2015-2017
24
1.31(5.3)
0.54
2%

24
0.14 (0.6)
0.54
4%

24
0.33 (4.9)

0.54

15b

0.01 (0.11)
1.00
13%

Serum
5
2015-2017
24

-0.08 (1.7)
0.31
6%

Serum
14
2005-2008
24
4.24 (12.6)
0.02
4%

24
0.23 (0.6)
0.06
3%

24
-1.92 (6.3)

0.54

16b

0.03 (0.16)
0.21
17%

Serum
14
2005-2008
24

-0.52 (1.0)
0.06
4%

Plasma
16
2003-2005
73
7.64 (15.4)
<0.01
3%

73
0.20 (0.9)
0.03
4%

73
-0.57 (2.4)
0.24
73
0.03 (0.23)
0.35
7%
Serum
20
1998-2000
7
-0.08 (0.8)
0.36
4%

ApB: Amyloid beta; CV: Coefficient of Variation; NfL: Neurofilament Light; SD: Standard deviation; TTau: Total Tau.

AB42IAB4( ratios multiplied by 1000.

bSerum Tau samples below Limit of Detection not included (n=9 stored for 5 years and n=8 stored for 14 years).
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Table 3.

Repeatability of Biomarker Concentrations by Years Stored at —80° C

Serum Plasma
Storage Time at -80° C 5 years 14 years 16 years
ABao, pa/ml (N sample pairs) 10 10 7
Original, Mean (SD) 135.9 (42.5) 150.1(62.6) 297.7 (112.1)
Replicate, Mean (SD) 133.7(51.7) 164.3(39.2)  319.6 (65.5)
Difference (replicate — original) -2.2 14.1 21.9
p-difference 1.00 1.00 1.00
ABy,, pa/ml (N sample pairs) 10 10 7
Original, Mean (SD) 11.10 (10.8)  12.0 (4.8) 14.0 (4.6)
Replicate, Mean (SD) 11.07 (10.3)  13.2(3.7) 15.3 (2.0)
Difference (replicate — original) -0.02 1.2 1.3
p-difference 0.75 0.11 0.45
APB4o/ABag ratio (N sample pairs) 10 10 7
Original, Mean (SD)? 83.5(154)  86.8(30.9)  49.3(83)
Replicate, Mean (SD)? 83.9(11.1)  79.6(9.9) 48.7 (6.1)
Difference (replicate — original)? 04 =72 -0.6
p-difference 0.75 0.75 1.00
T-Tau, pg/ml (N sample pairs) Gb 7b 7
Original, Mean (SD) 0.51(0.30)  0.58(0.30) 1.88 (0.85)
Replicate, Mean (SD) 0.39(0.20)  0.49(0.18)  1.99 (0.50)
Difference (replicate — original) -0.11 -0.09 0.12
p-difference 0.69 0.45 1.00

Serum

Storage Time at -80° C 5 years 14 years 20 years
NfL, pg/ml (N sample pairs) 9of 10 7
Original, Mean (SD) 23.7(13.0)  13.0(6.0) 16.1 (5.3)
Replicate, Mean (SD) 245 (12.0) 13.1 (6.3) 18.5 (5.8)
Difference (replicate — original) 0.9 0.1 23
p-difference 0.51 1.00 0.13

ApB: Amyloid beta; NfL: Neurofilament Light; SD: Standard deviation; T-Tau: Total Tau.
aAp42/A[340 ratios multiplied by 1000.
bOriginaI-RepIicate pairs with 1 or both samples below the Limit of Detection (LOD) were not included (5 years: n=4; 14 years: n=3).

c . . .
NfL concentration was not available for n=1 replicate sample.
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